Background: Dormex, which is used as agricultural fertilizer, contains cyanamide as an active ingredient. Pomegranate fruits enclose numerous polyphenols that guard normal cells against oxidative stress. Aim of the work: to study the hepatotoxic effects of Dormex and assess the protective capacity of pomegranate seed extract (PSE) in rats after 3 months of oral administration. Material & methods: Sixty mature male albino rats were distributed to; Group I, II: rats were given 0.1 ml distilled water/kg/day and 400 mg/kg/day of pomegranate seed extract (PSE), respectively. Group III: divided into two subgroups in which rats received 30 & 60 mg/kg/day Dormex, respectively. Group IV: divided into two subgroups in which rats were given the same dose of Dormex plus PSE. Body and liver weights, serum albumin, total bilirubin and liver enzymes were assessed. Hepatic malondialdehyde (MDA), glutathione reductase and catalase activities were evaluated. Liver specimens were studied with H. &E., Mallory's trichrome and caspase-3 immunostaining. Results: The hepatic index, liver enzymes, bilirubin, and MDA were significantly increased (P˂0.001), while albumin, glutathione reductase, and catalase were lowered significantly in rats of experimental groups compared to the control (P˂0.001). All these assessed parameters were within normal range in the protected groups. The histopathological changes included liver inflammation, degeneration and fibrosis, in addition to apoptosis. Treatment with PSE markedly prevented the occurrence of these abnormalities. Conclusion: Cyanamide prompts oxidative stress that compromises the liver function and eventually liver fibrosis results. These toxic effects are dose related. The PSE exhibits hepatoprotective effects and highlights the possibility of its use as a protective agent in individuals at high risk of Dormex toxicity.
Introduction
ccording to the latest WHO data published in May 2014 liver disease deaths in Egypt reached 8.92% of total deaths which contributed the third cause of death (World Health Rankings, 2014) . Among the causes of liver diseases is environmental or occupational exposure to pollutants. Pesticides are considered one of the most common sources of pollutions. Different compounds such as insecticides, herbicides, fungicides, rodenticides, plant growth regulators and others are included under this group of term (Aktar et al., 2009) .
Cyanamide is a chemical substance that was manufactured at the beginning twentieth century (Soltys et al., 2011) .The calcium salt of hydrogen cyanamide (CaCN2) is the active ingredient of Dormex, which is used as synthetic fertilizer in agriculture by spraying to facilitate the buds break (De Haro, 2009; Soltys et al., 2011) . It is sold in a liquid formulation that is spread over the crops by nebulization with an atomizer (CDC, 2001) .
Routes of exposure to Dormex are mainly respiratory, skin and gastrointestinal tract. Absorption is rapid from all routes. The mechanism of action of hydrogen cyanamide has not been verified accurately. It is partly converted to carbon dioxide which is exhaled or excreted in the feces, and the remainder is eliminated in the urine as N-acetylcyanamide (Manoilov et al., 1996) .
Despite, hydrogen cyanamide is rapidly broken down in the environment and is unlikely to persist as an environmental contaminant (Leung et al., 1993) , there are adverse health effects have been documented from contact of hydrogen cyanamide including severe irritation and ulceration of the eyes, skin, and respiratory tract (CDC, 2005) . A However, the majority of reports on human toxic effects of Dormex were following occupational, accidental or suicidal exposures to the chemical. These reports have been pronounced from Italy, USA, India (Sheshadri et al., 2011) .
Hepatotoxicity can be induced by free radical formation. Accordingly, the use of natural antioxidants is implemented as an approach to prevent oxidative damage related various organ disorders (Ben Amara et al., 2011) . Therefore, medicinal plants have been considered a good, effective, inexpensive, safe, and available healthy source for the prevention of these disorders (Olaleye & Rocha, 2008; Sen et al., 2011; Keter & Mutiso, 2012) .
Among these medicinal plants is pomegranate (Punica Granatum L., Punicaceae) fruit which has antiinflammatory (Costantini et al., 2014) , anticancerous (Reddy et al., 2014) , antiproliferative (Adams et al., 2010) , antiatherogenic (Aviram et al., 2008) , and radioprotective (Khan et al., 2012) properties.
Hence, limited studies on the toxic effect of Dormex are available in the database and its wide spread use in Egypt to augment crop productivity to suffice the increasing requirements of raised population. Therefore, the present study had been undertaken to investigate the hepatotoxic effects of Dormex and to assess the potential protective capacity of pomegranate seed extract on Dormex-induced liver injury in adult male albino rats. Pomegranate juice was separated by pressuring the eatable portion of the fruit. Seeds were left to dry then they were crushed to fine powder. 100 gram of the powder was mixed with 300 ml of 70% ethanol in distilled water and kept for 3 days at room temperature and then was filtered. Solvent (ethanol/water) was removed using a rotatory evaporator under vacuum at 50ºC. PSE obtained and kept in the refrigerator. Enough amount of the extract were suspended in water and given to animals of the protected group (Hemmati et al., 2013) .
Materials and methods

Materials
-All other chemicals that were used, were of high purity, and were obtained from EL-NASR, Pharmaceutical Chemicals Company, Cairo, Egypt.
Animals
Sixty adult male albino rats of similar age weighing 200 ± 10g were supplied by the animal house, Faculty of Medicine, Tanta University, Egypt. They were housed in stainless steel cages under standard conditions of temperature (23 ± 2 ºC) in a 12h light/dark cycles and a minimum relative humidity of 40%. The free access of animals to food and drinking water were tolerated. According to the Guide for the Care and Use of Laboratory Animals, the animals of this study were treated (NRC, 1996) . The study design was approved by the Research Ethics Committee of Tanta Faculty of Medicine.
Experimental design
After two weeks of laboratory accommodation, rats were randomly divided into four main groups as follows:
Group I (control): ten rats administered 0.1 ml distilled water/kg/day as a vehicle for 3 months.
Group II (Pomegranate-treated group): ten rats were given 400 mg/kg/day of pomegranate seed extract (PSE) dissolved in sterile distilled water orally by gavage needle for 3 months (Hemmati et al., 2013) .
Group III (Experimental groups): twenty rats divided equally into two subgroups; IIIA and IIIB in which 30 (1/10 LD50) & 60 (1/5 LD50) mg/kg/day of Dormex dissolved in sterile distilled water were given orally to rats by gavage needle for 3 months, respectively. This duration is classified as a subchronic exposure according to Eaton and Klaassen (2001) . Rat oral LD50 is 300mg/kg according to Meister (1994) .
Group IV (Protected groups): twenty rats divided equally into two subgroups; subgroup IVA and IVB in which rats were concomitantly given 30 & 60 mg/kg/day of Dormex dissolved in sterile distilled water plus PSE in the same dose as group II. These preparations were given orally by gavage needle for 3 months.
Methods
 The body weight of all rats was recorded on the first day before oral administration of chemicals then daily and the dose was adjusted accordingly. Lastly, the rats were weighted on the day of scarification. Twenty four hour after the last treatment, all animals were euthanized and a median abdominal incision was done where the liver was dissected immediately after bleeding and weighted.  The data for hepatic index (relative weight of liver) was expressed as the ratio between the liver weight and body weight of the animals (Mukherjee et al., 2013) : Hepatic index (relative liver weight) = Absolute liver weight (gm) X100
Final body weight (gm) Tissue preparation: Dissected liver was divided into two parts. The first portion was weighed and homogenized with a potter-Elvenhjem tissue homogenizer in phosphate buffer saline (PBS) 10 mM pH 7.4 and centrifuged. The supernatant was used for determination of malondialdehyde (MDA) levels and glutathione reductase and catalase activities.
The second part was specimen from the upper part of the right lobe of the liver which was submerged directly in 10% neutral-buffered formalin. Then, the fixed specimens were washed, dehydrated and embedded in paraffin. Slices of five µm thickness were stained with haematoxylin and eosin (H&E) (Bancroft & Gamble, 2008) and Mallory's trichrome to assess the degree of collagen fibers deposition (Culling et al., 1985) . Moreover, immunohistochemistry for caspase-3, were performed on formalin-fixed paraffin-embedded specimens. For caspase-3 immunohistochemistry: the sections were dewaxed, rehydrated, and incubated with phosphate buffered saline (PBS). Then, these sections were incubated overnight in a humid chamber with the primary antibody (rabbit anti-rat caspase-3 antibody) which was directed against the cleaved activated caspase-3. The sections were then washed three times in PBS and incubated with goat anti-rabbit peroxidase attached to secondary antibody (peroxidase-labelled streptavidine) for one hour and washed again three times in PBS. Immunoreactivity was visualized using 3, 3'diaminobenzidine (DAB)-hydrogen peroxide as a chromogen, and sections were counterstained with haematoxylin. The negative control sections were stained without exposure to primary antibody, while other steps of the procedure were the same (Huang et al., 2005) . Biochemical assays:
a. Blood samples were collected from the heart by direct cardiac puncture, and then were centrifuged at 1500 rpm for 15 minutes at an ambient temperature, the isolated sera were stored at -20 0 C for biochemical assays to evaluate the liver function. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined spectrophotometrically at 340 nm according to Gella et al. (1985) . Serum Alkaline phosphatase (ALP) was estimated according the method adopted by King and Armstrong (1934) . Serum total bilirubin was determined by using colorimetric Diazo method at 578 nm according to Balistreri & Shaw (1987) . Serum Albumin was determined colorimetrically at 630 nm according to (Grant, 1987) . b. Protein content of liver homogenate was detected using Lowry et al. (1951) method. Then the oxidative stress parameters were assessed as follow:  Estimation of MDA: the degree of lipid peroxidation in serum was determined by measurement of MDA at 534 nm using the thiobarbituric acid reactive substances (TBARS) method as illustrated by Ohkawa et al. (1979) .  Estimation of glutathione reductase activity:
glutathione reductase assay (Goldberg and Spooner, 1983) was determined by measuring the rate of oxidation to NADP+, which is associated by a decline in absorbance at 340 nm using commercial kit (Biodiagnostic, Cairo, Egypt).
 Determination of catalase activity (CAT): catalase activity was estimated spectrophotometrically at 240 nm by using Claiborne's method (1985) .
Statistical and Morphometric analysis:
The collected data were organized and statistically analyzed using SPSS software statistical computer package for windows version 22. The distribution of quantitative data was evaluated using Shapiro-Wilkes test. Normally distributed data were expressed as mean and standard deviation. For comparison between the groups, either one way ANOVA or Welch ANOVA was used according to the results of Levene's test of homogeneity of variances. If significant differences were present, post hoc tests were performed (Tukey test after ANOVA and Games-Howell test after Welch ANOVA). Significance was assumed at p < 0.05 for interpretation of results (Dawson and Trapp, 2001) .
The data were obtained using image analysis system (Leica Qwin 500 C image analyzer computer system, England) at National Research Center. The secondary antibody tagged cleaved caspase-3 subunit within the cytoplasm of hepatocytes was visualized. The optical density of the immunoreactions in the cells was measured in five non-overlapping fields from each liver specimen. In addition, the color area percentage of collagen fibers (blue colored) was measured in Mallory's trichrome stained slides at magnification of X400 in five non overlapping fields from each specimen.
Results
Evaluation of final body weight and hepatic index ( Fig. 1 & 2 
)
The final body weight of rats in experimental groups (IIIA, IIIB) was significantly decreased in comparison with both groups I& II while, it was noticed that it was significantly higher in protected groups (IVA, IVB) than the experimental groups (P<0.05). On the other hand, rats of experimental groups showed significant increase of the hepatic index compared to the control group, while concomitant administration of PSE brought down the hepatic index of the protected rats as compared to the control group (p < 0.05). Additionally, these changes were significantly dependent on the dose of Dormex as there were significant differences in body weight and hepatic index between subgroups IIIA and IIIB. The effects of Dormex and pomegranate seed extract on liver function tests (Table 1) :
Rats in group IIIA showed significant reduction in the level of serum albumin compared to the control and PSE treated groups (P<0.001), moreover it is much lower in group IIIB. However, this reduction in serum albumin was escalated significantly with simultaneous administration of both Dormex and PSE in groups IVA and IVB if compared to the control group (P<0.001).
The markers of hepatotoxicity; bilirubin, ALT, AST and ALP were elevated significantly in the experimental groups (group IIIB more than group IIIA) compared to the control group. On the contrary, rats of the protected groups revealed significant decline in these markers when matched with the experimental groups and the control group (P<0.001). The effects of Dormex and pomegranate seed extract on oxidative stress parameters ( Table 2) :
The lipid peroxidation end product; MDA was significantly higher in the experimental groups than in the control and PSE treated groups. In the protected groups, levels of hepatic MDA were significantly diminished compared with that of the experimental groups (P < 0.001). Meanwhile, the activities of hepatic glutathione reductase and catalase were lowered significantly in the experimental groups than in the control and PSE treated groups. In protected groups, both were increased efficiently (P < 0.001).
The histopathological effects of Dormex and PSE on the liver: Haematoxylin and eosin stain
Examination of H&E stained sections of liver of control group (Group I) as well as pomegranate treated rats (Group II) revealed the normal histological architecture of classic hepatic lobules with the central vein creating their central axis. At their angles, there were portal areas containing connective tissue stroma and portal triad (Figs. 3a, b, c) .
Liver sections of subgroup IIIA showed mild distortion of the normal hepatic architecture with mild dilatation and congestion of central veins and blood sinusoids as compared to control (Figs. 4a, b) . The portal areas showed less dilatation and congestion of the portal veins with less cellular infiltration ( Figs. 4 c,  d ). On the other hand, some hepatocytes showed cytoplasmic vacuolation with irregular outlines of their nuclei (Fig. 4e ). Moreover, some sections showed localized foci of homogenous acidophilic hyalinized material with cellular infiltration (Fig. 4 f) .
Examination of liver sections of subgroup IIIB showed severe histological changes as compared to the control group in the form of marked dilatation and congestion of the central veins and blood sinusoids (Figs.5a,b) and surrounded by cellular infiltration including mononuclear cells and fibroblast like cells (Fig.5a ). In addition, the portal areas showed marked dilatation and congestion of the portal veins as well as bile duct proliferation, were surrounded by excessive cellular infiltration that included mononuclear cells and fibroblasts like cells (Fig. 5c ).
The centrilobular hepatocytes showed markedly vacuolated cytoplasm, faint nuclei and discontinuous cell boundaries (Fig. 5d ). There were areas of degenerated hepatocytes surrounded by cellular infiltration (Fig. 5e ). Furthermore, some hepatocytes were replaced by an area of homogenous acidophilic hyalinized material surrounded by cellular infiltration (Fig. 5f ).
Liver sections of rats in subgroups IVA and IVB showed apparently more or less normal hepatic architecture similar to the control group (Figs.6a, b, c,  d) .
Mallory's trichrome stain
Liver sections of group I as well as Group II revealed very thin layer of collagen fibers around the central veins and the elements of portal tracts (Fig.7a,b) .
In subgroup IIIA, the liver sections showed deposition of moderate amount of collagen fibers around the central veins and the portal areas ( Fig. 7c,  d) , while subgroup IIIB, showed deposition of marked amount of collagen fibers around and in-between the central veins and around the portal tracts ( Fig. 8a, b, c) .
Concerning subgroups IVA&IVB, the sections showed deposition of few fine collagen fibers around the central veins and the portal tracts (Figs. 9a, b, c, d) .
Immunohistochemical results
Examination of caspase-3 immunostained sections of liver from the group I and group II affirmed that caspase-3 immunoreactivity was rarely detected (Fig. 10a) .
In subgroup IIIA showed moderate caspase-3 immunoreaction in some cells (Fig. 10b) , while subgroup IIIB, caspase-3 immunostained sections showed strong reaction in many cells where caspase-3 immunoreaction was detected in the cytoplasm of hepatocytes (Fig. 10c ). However in subgroups IVA &IVB, weakcaspase-3 immunoreaction was detected in few cells (Figs. 11a, b ).
Morphometric and statistical results
Quantitative assessment indicated a statistically nonsignificant difference (P˃0.05) regarding the mean color area percentage of collagen fibers and the mean optical density of cytoplasmic immunoreaction of caspase-3 in group II compared to control group I. In experimental groups, there was a significant increase [P<0.05] in the mean color area percentage of collagen fibers and in the mean optical density for cytoplasmic immunoreactions of caspase-3 compared with control specimens. However, there was no statistically significant difference between the protected groups and control group (Tables 3& 4) . Fig. 3a, b: Showing normal hepatic lobular architecture with central vein at the center  (*) and portal tract at the periphery (→) (control group, H. &E. x400). Fig. 3c: A higher  magnification showing cords of polyhedral hepatocytes (›) with large rounded  vesicular nuclei separated by the blood sinusoids (control group, H.&E.x1000)  Fig. 4a, b: Showing mild dilatation and congestion of central vein (*) and blood sinusoid (›) (Subgroup  IIIA, H. &E. x 400) . Fig. 4c: Showing dilatation and congestion of portal vein (→). Fig. 4d : Showing cellular infiltration of portal area (C) (Subgroup IIIA, H. &E. x400). Fig. 4e : Showing centrilobular hepatocytes with vacuolated cytoplasm and irregular outlines of their nuclei (›). Fig. 4f : Showing localized focus of homogenous acidophilic hyalinized material with cellular infiltration (curved arrow) (Subgroup IIIA, H. &E. x1000). Fig. 5d : Showing centrilobular hepatocytes with markedly vacuolated cytoplasm and faint nuclei (›). Fig.5e: showing  degenerated hepatocytes surrounded by cellular infiltration(›) (Subgroup IIIB, H. &E.x1000). Fig. 5f:  showing area of homogenous acidophilic hyalinized material surrounded by cellular infiltration(curved  arrow) (Subgroup IIIB, H. &E.x400) . Fig. 6a, b: Showing apparently normal hepatic lobular architecture (Subgroup IVA, H. &E. x400). Fig. 6c, d:  Showing apparently normal hepatic lobular architecture (Subgroup IVB, H. &E. x400) . Fig. 7a, b: Showing normal distribution of very thin layer of collagen fibers around central vein and  elements of portal tract (control group, Mallory's trichrome X400). Fig. 7 c, d: Showing deposition of  moderate amount of collagen fibers in the wall of dilated central vein, dilated blood sinusoids and  around elements of portal tract (Subgroup IIIA, Mallory's trichrome x400) . 
Discussion
The current study was designed to study the hepatotoxic effects of Dormex following sub-chronic exposure in adult male albino rats and the possible protective role of concomitant administration of PSE.
In the present study, Dormex administration to rats caused a significant reduction of body weight in contrast; the relative liver weight was increased significantly that indicated diminished liver functional ability. These changes were markedly improved as a result of co-administration of Dormex with PSE. These findings were close to the results of Mukherjee et al. (2013) study that was carried out to delineate the degree of methotrexate induced damage in the liver cells and its recovery by co-treatment with pomegranate fruit extract. The increased hepatic index may be attributed to the pathological changes which included congestion of central veins and infiltration of the hepatic lobule with inflammatory cells and deposition of hyalinized materials as observed in H. & E. liver specimens.
Ingestion of Dormex in experimental rats caused significant elevation of the serum levels of liver enzymes; ALT, AST, ALP, and bilirubin in addition to marked reduction in serum albumin. However, the cotreatment with PSE derived significant improvement of all measured parameters in the protected groups. The ALT, AST enzymes are hepatospecific markers of injury. They are found within the cytosol of the hepatocytes and a rise in their serum activities is an evidence of their escape from the cell due to alteration of cell membrane permeability, hence hepatocyte injury is ensured (Rosen and Keeffe, 2000) . The Increased total serum bilirubin was mainly of the direct type, it was produced as a result of hepatic cell damage and intrahepatic biliary cholestasis which was evidenced by high ALP level as it is a marker of hepatobiliary dysfunction (Saxena and Sharma, 2015).
The reduction in serum albumin could be ascribed to alterations in the metabolism and synthesis of protein and amino acids in the liver in addition to increased proteolytic activity or degradation (Yeragi et al., 2003) . Takeo (1987) highlighted that the binding affinity of human albumin with xenobiotics and alkylating agents is high. Moreover, the observed decrease in serum albumin could be partially attributed to the damaging effect of Dormex on liver cells, as proved by the increase in serum activities of AST and ALT.
In the current study, the oxidative stress parameters in experimental rats exhibited significant elevation of MDA whereas, the opposing antioxidants; glutathione reductase and catalase were significantly diminished. PSE administration showed effective antioxygenation in Pomegranate-treated group as well as the protected groups as marked improvement of these markers was ensued. Parmar and Kar (2007) stated that ingestion of pomegranate peel extract significantly decreased the tissue (hepatic, renal, and cardiac) and serum malondialdehyde as compared to the parallel values of atherogenic diet-fed animals. Oxidation of membrane polyunsaturated fatty acid resulted in its destruction and the production of MDA compound (oxidative stress marker in the body) which causes cell injury and chronic liver injury thereby fibrosis (Wasser and Tan, 1999) Accordingly, these changes can be explained based upon the supposed mechanism of Dormex action which entailed inhibition of catalase resulting in uncoupling of oxidative phosphorylation and inhibition of adenosine nucleotide synthesis (Manoilov et al., 1996) . Cyanamide is considered as an aldehyde dehydrogenase inhibitor that can produce disulfiramlike syndromeand depletion of the glutathione content of the hepatocytes (Hammond and Fry, 1999 & Koppaka et al., 2012) . It also impaired MDA, acetaldehyde, and hexanal metabolism reflecting oxidative damage induced by this compound (De Zwart et al., 1999) .
It is therefore assumed that these toxicities could be lessened by using antioxidants (Mukherjee et al., 2013) . The pomegranate fruit is an important natural source of potent antioxidants due to its high polyphenolic content, specifically anthocyanins, hydrolysable tannins and condensed tannins. Polyphenolics, have powerful free radicals scavenging and antioxidant properties, so hepatoprotection against chemically induced liver injury was achieved in rodents (Gil et al., 2000 & Celik et al., 2009 ). The interaction of pomegranate fibers with Dormex inhibits its intestinal absorption which is another supposed mechanism of pomegranate inhibited Dormex toxicity. It has been advised to supplement the diets with pomegranate as it may prevent DNA damage (Al-Jarallah et al., 2013) .
Microscopic examinations of H&E liver sections from the experimental groups revealed degeneration, inflammation and fibrosis. While the H&E liver sections from the protected groups illustrated more or less normal hepatic architecture indicating that the co-treatment of rats with PSE and Dormex protected the liver from the injurious effect of the Dormex. These changes were confirmed by the caspase-3 immuno-histochemistry which declared that there was an element of apoptosis that mediated the tissue injury. Mallory's trichrome stains explored Dormex induced liver fibrosis due to deposition of collagen fibers and the protective effect of administration of PSE as anti-fibrotic agent.
The study of Wei et al. (2015) showed similar results as the current study, that treatment with the extracts of pomegranate peels and seeds seemed to be useful in the animal model of carbon tetrachloride injury in terms of decreased hepatic and spleen index, amended liver function, and prohibited the development of liver fibrosis in rats.
Conclusion
This study elucidated that the Dormex increases the hepatic index, impairs the liver function. It induces oxidative stress as evidenced by the elevation of MDA and the marked decline in the antioxidants enzymes glutathione reductase and catalase. Liver inflammation, degeneration and fibrosis are observed. These toxic effects are dose dependent. They may be attributed to cyanamide induced oxidative stress. The administration of PSE ameliorates these abnormalities because it inhibits the oxidative stress, stimulates production of antioxidant enzymes and exerts anti-inflammatory effects thereby decreasing apoptosis and resultant liver fibrosis. So, PSE has hepatoprotective effects that highlight the possibility of using it as a protective agent in individuals at high risk of Dormex toxicity.
